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(54) P«it febrlmlinig m«thod ^nd p&rt fabricating apparatus 



(57) A machining solution for rennavai-machlnlng an 
cbject to be nnachlned 1 03 Is fntroduced to a machining 
solution container 101 » and a predetarmlnsd vollage jA 
app Bed to botwden the mact^rng electrode 1 04 and the 
object to be machined 103 to cause electrocheiYAsal ro- 
action thoroby iabrrcating apart cast mold. Then the ma- 
chining solution Is changed to a machining solution for 



metal layer fomiectton to eflect addlUonal machining on 
a surface cf the cast mold by fbmthg a metal (ayer. Then 
the maohlnfng eolutlon le changed to a maeh&irng eoiu- 
tlon tor part fomYation to effect addrtional machining in- 
side the cast mold by forminga part. Rnally the machine 
tng solution Is changed to a machinhg solution for dio- 
sotving the metal layer to tako out the labricated part 
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De«erlptldrt 

[0001] ThG prosent Inventfen relates to a part fabricat- 
ing method and part fabncatingapparatuelorfabrlcatfng 
parts in the fields of meiat industiy, electronip industry, s 
machinery Musiry and so on. 
[OOOS] In the conventional part fabricating methods, 
there has boan a method irtiirsation a machining tech- 
nology Of efectric discharge technofogy to romova un- 
wanted portfons of objects to be machtnodlntoa desired 10 
shape thus fabricating parts. In the nf^hod utilisnig a 
machining technology, part© have been tabrfcatetf uefng 
a cutting tool whereih any of the cutting tod and object 
to be n^inod is rotated to bring the cutting tool and 
the object to be machined into contact at th e earn© time. « 
thereby removing unwanted portions of the object to be 
machined into a desired shape, (n the method utilising 
an electronic discharge technology, parts have been 
fabricated by making a machhlng electrode having a 
correspooding tip shape to a desired machinihg ffrom' <^ 
wherein the rr^chlnlng electrode and the object to be 
machhed are adjusted to a predetermined distance to 
repeatedly causa pulse-fonned electric discharge be- 
tween the machining eiectroda and the object to be ma- 
chrned. thus removing unneoessaty portions of the ob- ss 
jecttobe machftied. 

[0003] 1-loweven ^ere have been some problems in 
the conventtonaJ part fabrication methods. First, the fol- 
lowing points can be listed as the problems encountered 
in the machining technology 9o 

(1) Because only removal machining is possible^ 
there may be a case that the efiitieitey of material 
utitisatfon is extremely woreenedasaconsequence 

of the part fabricating shape, or a tong machining ^ 
tfmo is required even tor a simple shape, 

(2) Because machinable shapes are limited by tha 
land o1 n^hining macSyne used, the fabHcatlon df 
parts having complicatdd shapes reqtjires nwiy 
Idnds of machining machinas with mcieased proc^ ^e 



(3) When the oporation Includes contacting a cut' 
ting tool with an object to be meichlned, conBumFv 
tton of the cutting tool is unavoidable. Because the 
consumption of the cuttnig tool raises a problem of ^ 
lowerhg machining accuracy or roughanirig In the 
machhilng surface, the cutting tool must be ex- 
changed as required and run automation for part 
f^Mcatlon is difficuit 

(4) Because removal machrning is ofTected by utK 
lising a physicat force caused t>etwaen a cutting lod 
end an object to be machlr^ there Is a reetrictfon 
on the handbiBSs or toiighnesft of tie object to be 
machine. Accordingly; there ieanecesetty of ai^st' 

Ing the cutting tool Mhd and machining ccntftions ^ 
in oompliancD wftli Hie material of tlia object to be 
machined. 

(5) The machrning resolution increases with de- 



crease in tip cfemeter of a cutting tool, whereas 
there Is Ifmltatlon In cutting tod sharp-edging due 
to a machining utilising a physical force. According- 
ly, flierd is difficulty in coping with miniaturisation for 
tabrfcation pans. 

|P004| Next, thefollOwing points can be listed as piot>- 
leme encountered in the method utilising tho electric dis- 
charge technology. 

(1) Because the forming shape of an object to be 
rriachrned is detemilned by a tip shape of the ma- 
chining efectrode, before perfomiing machining the 
machined electrode must have been previously 
made to have a corresponding tip shape to a de- 
sired fbm^ng shape. 

(2) Because only lemoval machining is possible 
simnarly. to machining, there may bea case ttiat the 
efficiency of material utilEsatibn is asdiemely wor^ 

. " • ened' as a- oonseqwenee of the part> tabricatkig 
shape or a long machining tirrte fs rsqurred even lor 
a simple shape. 

(9) Consumption of the machining electroda la un- 
avoidable elmiiarty, and the machining electrode 
has to be exchanged as required. In the electric die- 
charge nr«chinlng, the exchange of the machinffig 
eiBctroda, each time, requires fabrication of a ma- 
chhing electrode having a corresponding tip shape 
to a form'vig shape^ thus worsening machining effl- 
oier^cy. 

(4) Ramoval chips produced in machining adhere 
to a surface to be machined, having bad effects up- 
on machining accuracy: 

(5) In order to cause putse^rmed electric dis- 
charge required Upon removal machining, a great 
voltage has to be applied, thus rhcreasing energy 
consumption during machaning. 

(6) Because a machining electrode having a corre- 
sfnnd^ tipfonm toade^ed part etiape is uliised 
to effect rsmDval frrxn a surface to be machined, the 
direction of machinihg progression is only in a depth 
cVrectlan of the object to be machtned and there Is 
cfinfcuHy In febrfcathg parts having a complicated 
three-dimensional shape^ 

[pOOG] The present inveritlorts provides a means to 
mitigate the above-etatiad probioms. 
fP006] In orderto mitigate the above-etated problems, 
ih& present invention is characterised by fabrk:at1ng a 
part by: ff rst perfomiing removal macNnrng on an object 
to be mfitchined to fabricate a pan cast mod, then de- 
positing a metal A on a surface of the cast mold to form 
a metal A layer, depositcrtg a metsi B different in kind 
from tha malal taida the cast mold to form a part, and 
finally selectively removing the metal A lo take out the 
part, 

IP007| Also, in a process of the cast mold f abrication» 
metal teiyerf ormation or partfomnation, the removal ma* 
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chinfng or metal deposition is effected by an elechotytk: 
machining method wherein the object to bo machined 
and a machining electrode are opposite placed in an 
electrolytic dofutron to cause eiactrochsmlcai reaction 
for machining between a surface to be machined of the 5 
object to be machined and a tip of the machining oIgc» 
trode. Here, a sharp-edged electrode may be used as 
the machining electrode. 

10003} Also, In a pcoeeee of tha cast mold fabncatibn, 
metal layer formation or part fc>rmat1on. machining is io 
made while moving the machining etectrode or object to 
be machine along an arbltFary ahapo. 
p)009| AI^, BccordirTg to one aspect of tha invention 
a part fabricating apparatus is characterised by comprie^ 
irtg: an object to be machined holding means for hofding t£ 
an ob^ to ba machindd in an efactrolytic solutfon. a 
machining electrode for subjecting machining in a sur- 
face to be machined of the object to be machined 
through eladrochemical reacilon, a epaclng changing 
rr^aris for detecting and changhg a spacing bistwoen 
the surt^cs to t>e machined of the obfact to be machined 
held by the object to be mach&>ed holding means and 
the machining electrode, a potanttai/currerTt control unit 
lor comron^g a potential/cun'ent on Che machinrng elec- 
trode, an etecirolyUc edmlon changing mear^s lor afbi- 
traiy changing an etoctrolytk: aoltition A for affecting re- 
moval machining on tho eurface to bo machined to fab- 
ricate a cast moid, an efectiolytic solution B for depos- 
iting a metal A on a aurfaca ctfthe caot rnoid to fonn the 
metal layer A, and an eledmlytie solution C for 4epos- 
irmg the metal B ineide the cast mold lo fomt a part. 
[00101 partfabricating apparatus is provided with 
the mach'm&Dg eleerrode. for example, eharp^gad. In 
order to increase machining accuracy 
[0011] Also, the part fabricating apparatus Is provid- ^ 
ed, as a me^is to move the machining electrode and 
the object to be machined along an arbrtiary shape in a 
process ol the caet mold fabrteatlon. metal layer forma- 
tion or part formation, with a shape infomnaiion memory 
means for memorising artiftiary stiapo intbrmation and ^ 
a moving position control meana for moving the machin- 
ing alectiode or object to bo machlnedator^ an arbinaiy 
shaped based on shape Ihfofmaiion memorleed In the 
shape Inforrnatton mamory means. 
[00121 Also, the part fabricstting appaiaiua le proWd- ^ 
ed^ as a rrtearks to use a pluiality of machining oloor.. 
trodes. with a machining electrode hold^ meane for 
holdvig the plurality of machining etoctrodes, and a ma- 
ch'n'ng elsctrode changing mosm for arbrtrarfly chang- 
^ between the plurality of machining efectrodee hefd so 
by the machinrng electrode hofding means. 
[00191 Embodimonts of the invention wjll now ba de- 
scribed by way of further example only and with ref^i^- 
enca to the accompanying drawings^ In whlch:- 

ss 

Fig, 1 1s atypical cSagram showing afirst embodi- 
ment of a part fabricafing apparatus ot the present 
Invention; 



946AZ 4 

Rg. 2 Is a drcuil diagNram showing an exampte at e 
constant current circuit used In an embodiment of 
ttte present Invention; 

PtQ. 3 is a typical cfiagram showing an example of a 
machining solution changing mechanism according 
loRg. 1: 

Fig, 4 la a ftowohart ehowir)g a procedure f or ohang- 
Ing machining solution^ 

5 Fa a flowchart showing a part fabricalihg meth- 
od accordnig to an embodiment of the praeent in* 
vention: 

Fig. 6A, 6B, 6C, 6D and 5E are process eectfonal 
views showing a process for part iabricatkxi acoord^ 
ing to the present Invention; 
Fig. 7 is a typical diagram showing a second errH 
bocflment of a part fabridating apparatus; of the 
present invBntlcm; 

Fig. d Is a typical diagram showing a third embodi- 
ment of a part fabridaiing apparatus of the present 
invontfonj and' 

Fig. g la an explanatory view showing an exarnple 
of a machining etectrode changing mechanfem 
used In the part fatirlcatlr^ apparatus of Fig. 0. 

Embodlmeni 1 

[0014] Fig. 1 shovws emtxxUment 1 where the pmsent 
invention is utilised to fabricate a part The preaent em- 
bodiment Is structured by an object to be machined 103 
Imnoersed in a machining solution 102 within a machin- 
ing eolutlon container 101, a machining electrode 104 
arranged opposHety to the object to be machined loato 
elBctrolytically machine the object to be machined 103. 
a reference electpode 105 ae a referance En electrode 
potantfalt a potential/currBnt control unit 100 for control- 
ling the potential and current on the machining electrode 
104. an XY'axIa stage 107 lor m0vfng.^B object to b& 
machlrted 1 03 in X-axis and Y-axis directions (hortzontal 
directiorTs}, a z-oxis staga Installed benaalh machin- 
ing soluiior> container 1 01 to move the object to be ma- 
chined 103 in a ^'axis dlrectioi> (vertical direction), a 
shape information memory unit log for rromorising ar^ 
bltiary shape Infbnnatfon, a movfng position control unit 
110 for controlling the movement of the XY stage 107 
and the z stage lOB iiasad on the sha^e infou n alion 
. memorised.by the shape Infofmatlon memory unit 109i 
aftwchlnlngecrtutlon changing mechanfem 111 connoct- 
ad to ttM machinrng solution containerlOl to feedama- 
chining solution 102 to and from an inside and outeide 
the machining solution oontahor 1 01 . 
IP015] The polemial/cun^rYt control unit 106 is provW- 
ed» for exampte, with a machaning electrode circuit 106 A 
called potentio galvanost^ a micro-computer for con-' 
troHIng the potenttet on ttie machining electrode 104 of 
the machining elacfaodecircult IQGAand the current etc 
ilDWing between the macMnnng electrode 104 and the 
object to be machined 103, and various operating keys 
for opero^lbn. 
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[001Q The machinffig olectmde circuit 106A la struc- 
tured, for exampfe as ehown in Fig. 2, by a varrablo ro- 
sistanco 202 cormocted To a phjs sjda of a constant volt- 
ago power supply 20i, an opdiational ampn^20dcon- 
neetedtotho variable roefetance 202, an opposite elec- ^ 
Irado (machming alectrodfl) 104 connected toan output 
Section of the opeiationa] ampimer203, an acXJng pole 
(object to be machined) 1 0S opposrto V Arr^^ad to ^ 
oppoElt© electrode (machining electrode) 104 and con- 
nects to a minue side of the constant voftctge power io 
euppfy 201, and a reference elGctrode 1 05 as a refer- 
ence to measure tho potentlaf on the acting pol& (object. . 
to bo mstchlned) 1 03, 

[0017] The machinong electrode 1 04 is a rod form 
member eharp-edged at iie tip opposite to a eurfaoe to rs 
be machined and oTqiosed at only one portion ot a tip 
and with other portions coated by an insulator. Also, the 
material of the rod member usee, for example, carbon, 
tungsten, ptatfnum or the like. 
[D018] Also, the reference elect nodd 105 is. for exam- 
pla, a glass cylindrical memtier having a solution pas- 
sggs prcvrdod at a tip on a side to be immersed in a 
machining oofutfon and a sRver thin wire provided in a 
centra of tho cylrndrlcal membef to reach a glass film, 
wherein a silver chloride solution is filled in a manner 55 
ImmerGlng the thrn wire. Tho reference electrode 105 is 
not required to contioi the potential en the machining 
elQctreds 104 and tho object to be machfarted lOd, le. It 
is not necessatlV requfred whan only paiforming current 
control between the machining electrode 104 and the so 
object to be machined 103. 

lOOl?) According to this machining electrode circuit 
10BA, it is possible to control the current flowing be- 
tween the opposite electrode (machining electrode) 1 04 
and the acting pob (object to be machined) 103 to a ^ 
ctirromrequlned for electrolytic machining by varying the 
resistance value of the variable resistance 202. 
[0020] The XY-QXld Stage 107 and the Z^is stage 
1 08 are moved in the XY-axis direction ortd the Z-exis 
direction by an electrical drive means under the control ^e 
of the moving position control unit HO. 
[0021] In electrical machiRDig, the Z-axIs stage 108 Is 
first movad in the Z-axis direction by a diateuice contml 
nr>eans lo control the space dSslance between the ma- 
chining electrode 104 artd the obfecttobamachinod 103 ^ 
to a predalermined sp^ong, and then a predetennfried.- . 
voltage is appHed between the machining electrode 104 
and the object to be machined 103 to cause a oorfstant 
current to ftow between the machining electrcxda 104 
end the objed to be machvied 103. As the same tkne, so 
ttwXystagolO/andtheZ-etageloears driven by the 
moving poomon Gontrcil unit 110 based on shape Infor- 
mation memorised by the diape frtfomietfon mamory 
unit 109, In etdertoinova the machrning electrode along 
ashapeoiaparttobeliabiicaiedabovethe object tobe ^ 
machined. The abcvo process is hereinafter referred to 
as em etectrofytlc machining process. 
[0QS2] The distance control means lor exarhple first 



controls, through the current/potential control unit 106. 
ifw cunwrt flowing between the object to be machrned 
1 03 and the machining electrode 1 04 to nearfy >:ero, and 
then slowly moves the Z-axie stage upward to cause the 
object to be machined 103 to approach the machining 
electrode 104 while measurhg the potential on the ot>- 
ject to be measured. Because if the obfect to be ma- 
chined 103 b brought into contact vrith the machining 
electrode 1 04 due to th te ascending motion ttie potential 
of the object to be machined 1 03 greally vanes, the po^ 
sitton on tt>e Z-axJs otfhis time Is determined as the zero 
spacing position. Taking this positron as a reference, the 
2-axis stage 103 is driven under the control of the mov- 
ing posfifon contre>l unit 11 o tocontroi the spacodistanco 
behraen the machinrng eiectrode 1 04 and the object to 
be machined 103 to a desired spacing. Bes'idaG this 
mslhod, amethod can be considered that the epace dis- 
tance is measured by a laser measuring device. 
[00231 The machining sojution changing mechanism 
111 is stnL^ciurad, for exarnple as shown m Rgi 3, by a 
machining solution tank (A) 302A ocnlahiing a machin- 
ing sofution (A) 102A used when fabricating a cast mold 
by subjecting tho Object to be machined 1 oa to a remov- 
al process, a rnachrn'mg tank (3) 302B containing a ma- 
chining solution (B) 1 02B used Upon forrhlnga metal lay- 
er, a machining solution tank (C) 302C containing a ma- 
chming soluticn (O) 102O used upon forming a part, a 
machining sofution tank (D) 302D containing a machin- 
ing solution P) 102D used upon dissolving a metal, a 
cleaning solution tank 303 containrng a cleaning solu- 
tion 301 used for ctoaning tile machihTng solution con- 
tainer 101 during changlngthamachlningsolution. aso- 
lutlon feed pump (A) 306A connected to the machining 
solution lank (A) 302A to feed fiie machining solution 
(A) 1 02A within the machining salutton lank (A) 3Q2A to 
ttre machining solution container 101 . a solution feed 
pump (B) 30aB connected to the machining solution 
tank (B) 302B to feed the machffikig solution (B) 102B 
Within the machinnrtg solution lank (B) 302B to the ma- 
chining solution container i oi , a sofution feed pump (C) 
30$C connected to the machining solutfcm tank (C) 
a02Ctofeedthemaohiningeolution(C)102Cwnhln1he 
machining sohitkm tank (C) S02C10 the machining so- 
luiionoonialher 101 , asohjtion feedpunv (D> 306D con- 
nected to the machining solution tank (D) 302D to feed 
the solution within the machining solution tank (D) 9Q2D 
to the machrnlfig solution container 1 01 , a sofutkxi feed 
pump (E) 307 connected to the cleaning solutEon tank 
303 to feed the eohition 301 within the cleaning solution 
tank 303 to the machining solution container 101, a 
waste solution tank 304 for lesenmig a waste solution 
30B dlschaiged torn the machining eolutkxi container 
101, and a eohitfon feed pump (F) 309 for f eerfng a so- 
Ititlon to the waste solution tank 304 upon discharging 
the solufkxt. 

(002^ Tho machining eolutlon changing mechanism 
111 can supply a requlrBd amount of a eolutton from the 
tank containing a machining eolutkxi or cleaning sotu- 
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tion requifed for machH^lnfl to Hhe machiriB^ solution tayar 502 as shown in F^. 6(9)» removing Iho part 503 

container. 101. ancf dtectiarg© the machining solution termod Ineldethe cast mold 501. 

from the machining solution oontalngr 101 . [0030] Here, as a method to dissohre the metal layer 

[0025] During changing the machining solutton. the 502 is coAsidered a method of using a solution for se- 

solution feed pump ((=) 308 is first driven to discharge s tectlve!/ dissolving onl/the metal A, a method applymg 

the machining solutbn nrt the machrrnng solution con- a voDage to selectively dissotve only \he metal A, or the 

talner 101 to the waste solution tank 304, as shown fn tike. 

Fig. 4. Then the solution feed pump (E) Is driven to suf>- IP031] In iho present embodiment. becauEe the dls- 

pty the cleaning ©oMtlon 301 In iho cleaning solution tance between the tip of the machining electrode and a 

tank 303 to the machining solution cxjntainer 101 , gnd io surtaco to bo machinod of an object to bo noach^ed is 

the solution feed pump (F) 308 is again driven to cfer eontiolted lo a predetermined opadng by utilising a 

charge the cleaning solution 31 In the machining sdu-. . sharp-edged rnachbriing. eioctrodo, and thereafter ma- 

tton contalnBr 101 Into the waste solutiDn tank 304. Then chinmg is porfbrmed such that the mech^fng electrode 

asotullonfoedpump, which vsconnectedtoamachinlng Is moved ak>ng the shape of a part to be fabricated 

solution tank containing a required machtnlhg solution t£ above a surtece to be machined of the object to be ma- 

among Iho machining sdutton (A) 1 02A, maehiifiing so- chined. It possible to fabricate dntiply a part having a 

lution (B) 1 02a machining eolutton (C) 102C aid ma- complicated three dimenstortal form ^houl the noces- 

chrnfng Boiufran (D) 102D, is driven to supply the ma- efty of fabrfcating a machining electrode corrssponcflng 

chining sohitton to the machining solution conta^er 101. to a machining form. Also, because the machining is 

This process is hereinafter referred to as a machining ^' p'erfonned irt a state of out of contact between the ma- 

solutlon <*anglng process. chining elgctrode and tho object to be machinad. there 

[0026] The procedure of a part fabricating mettKxi ac- is less consumption erf machining electrodes. Also, be- 

eoidlrig to the prosent embodiment wHI be explained cause tfie machining is performed by tho olBctn>fom>- 

hereinbelow based on Rg. S and Fig. 6. Firet the shape Ing method utiiisffig an etedfochemteal reactton, it is 

information for a part id bo fabricated is nwmorised in ss possible to pert bmi machining with extremely low ener- 

the shape information memoiy unit 1 09. Then the ma- gy as compared wffh the electric discharge machining 

chining solution <A) 102A as a machining solution for wWioutchangingthohardnesaandtDughnossoflheob- 

removal process Is supplied into the madifning solution joci to bo maehmod. Further, sinco the part tahTicating 

cofrtanier 101 by the machWng aolutton changing apparatus in the present embodimont Is provided wfih 

mechanism 111. TTien an object to be machined 103 a? the machining solution changing mechanism, automa- 

ehown In Fig. 6(a) is sutijccted to removal procssa* thus tion of part fabrication is readily rsalieed. 

fabricatins a cast moW 501 tbr parts as shown in Fig, 6 looasj In an expeiimertal example of fabricating a 

(b). - gear having a diameter of 800 um by applying the 

||D027] Then the machining soiuiion in the machining present ombodiment thereto, the machining electrode 

solution container 101 is changed, through the aforesaid used was a platinum-irWium aHoy wire sharp-edged at 

machhing solution changing process, from the machln- fts tip to a tip dtatneter «rf 1 jim and coated by rosjn at 

ing solution <A) 102A as a machViing solution for remov- other than the tip wherein a chromium substrate was 

at process to a machinihg^iSolulfcan (B) i02B as a ma- used as an oWect to bo ntachined. Ateo. a chromium 

chining sotutlon forfOnning a matal layar. Than an ai^ elecbolytksatchsolutkiiimixed wlth^JgHof asulf^io 

dittonat machining Is perfoimod through the atoresafd « acWand37.3gfloraborfcacidwa»tisedasainachinmg 

olectrolyto machlnihg to dspostt a malal A on a surfece soluikm for the removal process, a goW plafing solution 

of the cast motd 501 asshown In Fig. 6<C), thus ttarmtng n*ced wflh 7.4g/i of potassium dicyanoauraiato (I) and 

a metal layer S02. 70 g/l of tri-sodluni citrate as a madhinrng solution for 

[002S| TTien the machin^ solulpon In the machining metal layer formation, a nitk^ plating solutkm mbeed 

solutton container 101 Is changed, through the aforesaid <s wflh asogflof nickelsulfamaieandSOgrtofaborfcacId 
machining sohitksn ohanging process, fromihaLmachin- . , as a machining solutkin .for part formation, and a goW 

ing eolutton (B). 1 03B as a machin'^ig solution for metal etch soiutton mixed wflh 25 g/l of locfine and 1 00 g1 of 

layer formatkmib a machin&tg solution (C) 102O as a potassiumtodWeasamachiningsolutlonfdrmelallaysr 

machinsig solution for electro^mning. Then additional cfissolution. 

machlnInglsportofmad,»iroLghlhdeleclroiytomachin- so posg] The procedure for fabriceitlng a gear was por- 
ing, on an inside of the cast moid 501 to deposit a rnalal fbmtod along wah a prooeduro shown In Rg. 5, wherslh 
B as shown In Fig. 6(d), thus forming a part 609. gear shape Jnltormatton vos first memorised In ashape 
(00291 RriallylhemacWhingsorutksn Inthemadi'ming rnlbrmatiOn memory unit 109, tho chromitjm eubMiate 
sohitlon conlaher 101 is changed, through ihoiTtachin- was then subjected to the removal process to t^ricatd 
ing fiolution ctnn^ng process, from the machining so- 55 q gear cast moW, gold was then deposRsd on a surface 
lution(C)l02CasamachiningsolutionforelectrT>forrT>- otf the cast mcrfd, nfckel was then deposited fnskic the 
Ing to a machining solution (D) 1 02D as a machinhg cast mold to fonm the part, and finally the gold layer was 
solutbn for matal layer dissolutk^ to dissoh/e a metal dissolved to take the part out 
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[0034] fn the chrome substrate remcA/aJ proceed 
cast mold fabrication, ftiQ distance t>etwosn ttte tip of ttie 
machining elecfrodd and ihB surface -of tho dironftium 
QUbstrals was controlled to 1 0 ^m, and a cunrant puke 
of Ion =: 1000mA Ton = 0.3 second and Toff = O.Ssecond 
was appRed by the potenttal/currenl control unit while 
controlling the XY table to be nwved according to the 
gear shape rnfonnatfon. Then this was repeated 20 
times, \A^h the resuft that a gear cast mold with a depth 
of 100 Mm wao fabricated, 

(DQdSI In the gold deposrtion In metaf byer formation^ 
the djsttftoe between the tip of ttie machining electrode 
and the aurfeioe of the cast mold waa controHed to 10 
|im, and a current pulse of Ion = '-400 ^A, Ibn =: 0.3 sec- 
ond and Toff = 0.3 second was applied by the potential/ 
current oontiol unit while controlling the XY table to be 
moved according to the gear shape infomyatton. Ae a 
result, a gold layer with a thickness of 2 |wn was formed 
on the surface of the cast moid, 
[0096] In the nickdl deposrtion In metal layer (orma^ 
tion, the cfetance between the tip of the machining oiec- 
irode and the surface of the cast moid was controlled to 
10 |jm» and a current pulse of Ion x -1 ooo pA, Ton = 0.3 
second and Tbft 0.3 second was applied by the poten- 
ttalfcunent control unit while controlirng the XY table to 
be moved according to the gear shape information. Fur- 
ther the Z-axis stage was cMven by the moving distance 
control so thai Ihe distance batween ttie tip of the 
machining electrode and ttie machining surface be- 
com(^ 1 0 pm. This was repealed 1 6 times with the result 
that a nickel gear part with a thickness of 60 was 
formed on itw surface ct the cast mokl 
{□037] The gold layer was dissolved by a gold etch 
solution with thC} rtisutt that a gear having a diameter of 
600 pm and athlcknass of 60 pm could be taken out. 

Embodiment 2 

100991 Althou^ the present embodimanthaa a Etruc" 
turo ahnost similar to Embodiment 1 as shown fai Fig. 7. 
fr Is ctiaracterfsed in ttiat the Z-axis stage lOB ts ar- 
ranged on the XY stage 107 and further the wori^ elac^ 
trode t04 te attached to the Z-axis stage 108 thiou^ a 
machining electrode attaching arm 11 3l 
[qoagi in operation of this apparatuSr the XY stage 
107 moves In the XY directions aidtheZ^aixis stage lOB 
Fn the Z-axis direction, causong the machin'mg electrode 
1 04 to follow the attaching arm 113 and hence move In 
Ihe XY-fDcia dirocttans and Z-fiOds direction. TTifs also 
piavtties a similaf effect to Embodiment 1 . 

Embodlrnertt 3 

[0040] AltfKiUfi^ the embodiment la structured almost 
ein^'lar to Embodiment 1 as shown in Fig. B, it is char- 
acterised m that a machining electrode changir>g mech- 
anism 701 Is arranged (herein which can exchange the 
machining ete c tr ode f^ use In machining. 



IP041] The machining electrode changing mecfia- 
nism 701 is provided with, for example as shown In Fig. 

a machining electrode attaching arm 113 attached 
wfih machining electiode (lOdA) and machlntng elec- 

s trode (104B) different on tip diameter, and an about-Z- 
axte rotation mechanism for rotating the machining elec- 
trode attaching arm about the Z-eods, so that the ma- 
chining electrode to be L^ed can be positioned above a 
surface to be machined of an object to be maehrned 1 03 

10 irrmiersed In a rf»acrTinBng solutkxi. 

[0042] This also provided similar effects to Embocff- 
mentl. 

ip04q In addHlori, because the present embodiment 
can use a plurality of ma^lnlng electrodes dlQerent in 

IS tip diameter, it is possible to select a machinflng etec- 
trode suitable fora shape of a portion to be machined 
or kind of machining. The smaller the tip cjiameierof the 
machining electrode the hlgherthe machining resofutksn 
increases, towerlrig ttre machining speed. Accordingly, 

so where high resolution is notrequired, ttie use of a ma- 
chining electrode having a somewhat great tip diameter 
tmprcves machining offfciency. Accordingly, because 
the present emboc&nent makes it possible to selectively 
use a machining electrode having a tip dlanotor suited 

^ for a n^hlnlng shape and n^hining resolutiori re- 
quired, machining time could be reduced w&h high ma- 
chining aoeufacy being marnlained. 
[0044] The present Inventlbn prtivldes the fbltew^g 
effectSk 

30 

(1 ) Because the cast mold is first fabrk;ated to fomi 
a part in&fde ttie cast mold and thereafter JX is taken 
out, ft is possibl e to utiiEsB one cast mdd many times 
wfth manufacture efficiency raised wtien fatoricai- 

3s ing, for example, a great volume of parts of the 
same shape. 

(2) Because machining is effected^ a non-contabt 
state of the tip of the machining ^ititrode wSh the 
surface to be machined of Ihe dttiBci to be ma- 

40 chined, there is almost no consum^ion of machin- 
ing electrodes. Aooordrn^. It Is possOilB Id irrfile- 
ment machining for a ksng time without exchangftig 
the machMng electrode, readily realising full auto 
mation for part fabrication. 

4B (3) Because in etedrolytte machining eledroctiem- 
kral reaclipne are utilised that occur bidween the 
surface to be macf^ned of an obj^ tobe machined 
and the tip of a machining electrode without involvo- 
meni of physical force, there la no restrictkxi on the 

^ hardneseortoughnsssofanobjecttobe machined. 
AccoRfingV, it is possMe to pertbim machining on 
aiTiateriaithattedHncufttoniachfnebyooriviBnticnat 
madiNfiffig opoiBlions. 

(4) The increase In machining operation resohitkm 
^ is f acRftated by reducing the ftp diameter of the ma- 
chining electrode, nftaking ft easy to cope with mln- 
tahjrisation for parts to be fabricated, 

(5) Because part formation Is performed by addi- 
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tiortal iradiining, tha elUdency of materi^f utilfsa- 
tbn Is high makrng it possibla to lubricate parts hav- 
ing such a shapo that fa Impossible to fabrfcatG only 
by a rBmoval procd&s. 

(6) I3y using a eharp-edged efoctrodo as the ma* 
chinng oloctrodo to machino whilo moving the ma- 
chinnrtg electiodo and an object to be machined ac- 
cording to an QTbltrary form, itidposditifgtofabrfcata 
compiicatad throa-cfrmonsionaJ shapod parts 
through toss processing wfih smipimcatton by fhe 
came apparatus. Also, thsr^ is no necessity of fab- 
nesting a machining ©lectrode having a conra- 
spending tip form to a machining tomn 

(7) In the etoctrofytic nftachining, the utfllsatlon of 
Qfoctrochemlcal reactions will not pfoduc^ chips 
even during ramovai machining. Thera Is no ad- 
verse effect of chips on machining accuracy. 

iP) The elgctrochemicai raactRan utilised fOr electro- 
lytic machining can be caused by low appllcatton 
voltage, thus being low in enorgy cpnsumptron as^ 
compared with ejectric discharge machlnrng. 
(9) The provtston of the solution chan^ig means 
capable of changing the eolulloh easily realises an 
automation for part fabricatron. 



Clefma 

1 . A part fabricating method comprising the steps of: 

performing removal machining on an object to 
ba machined to f^rfcate a pait cast mcU; 
depositing a first metal on a suil^ of the cast 
moW to form a first metal layer; 
depositing a second metal different nn kind from 
tha first metal inside the cast nnokJ to form a., 
part; and 

BOfectfvely removfng tha lirsit metal to talcs out 
the part. ' 

2. A part fabricating method as claimed in ctedm 1, 
wherein in tho pioeess of tebffcatntg the cast moKI, 
the removal machining is effected by an eleotrolytte 
rrmchining method wherein the object to be ma- 
chined artd a maohinlhg electrode are placed oppo- 
site each other in an electrolytic solutian to cause 
electrochemical reaction lor machlnlhg between a 
surfece tobe machined of the object to be machined 
and a tip of the machinlfig electrode. 

3. A pan fabricating method as claimed h claim 1 , 
wherein in lha process of forming the first metal lay- 
er, tfte deposition of the first metal is effected by an 
etectroiytio machinhg method wtweln an electro- 
chemical foacliOn is caused tMtween a surface to 
be machined of Uie object 1o be machbied and a tip 
of a machfriing etectrode to deposit the first metaf. 
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A part fabricating method as claimed in claim 1, 
where&i m the process of fomnlr>g tho part, tha dep- 
osition of the second metal Is effected an elec> 
trolytic machining method wherein an electrochem- 
ical reaction is caused between the first metal layer 
and a tip of a machining electrode to deposit the 
second metaf. 

A part fabricating method as claimed in claim 1 , 
wherein a sharp-edged electrode is used asihe mar- 
chining electrode. 

A part fiabricating method as claimed in ctetm 1, 
wherein In the process of tetorlcatfng the caet mold, 
forming the metal layer or forming the part, machin- 
ing Is effected while mcnifng at least one of the ma- 
chirang electrode or the object to be machined ac- 
cording to stored shape Intbmiatjon. 



«o jy A pair fiabricating -apparatus compri^ng: 



an object to be machihsd holding means for 
holding an ot)|ecttD be machined in an electro- 
lytic solution; 

a machining electrode for performong machrrv* 
ing in a surface to bo machined of the object to 
bo machined through olectiochemical reaction; 
a spaclr>g changing means for detecting and 
chang'Eog a spacing between the surface to ba 
machined of the obiecf to be machined held by 
the otyect to ba machlirwd hofdong means and 
tha machlnlhg alectiode; 
a potentiaVbunent ccntrol unit for controlling a 
potential/current Of the machming electrode; 
a first eiectfoiytic sbhJtlon for effecting removal 
machining cn tha suifdco to be machined to 
fabricafo a cast mold; 

a second elactrolytlc sohiticn for depositing a 
first metal on a surface of the cast mold to form 
the ffrst metal layer; and 
an alectror^ solution changing maara fcsr 
changfrtg athW efsctroiytic solution tor depos- 
iting the eacond metal wisida the caet mold to 
forma parL 



3S 



40 



A part fabrfcating apparatue as claimed h claim 7, 
wherein the machsiing electrode is a ehaip-edged 

electrode. 

A part fabricating appamtus as claimed In claim 7, 
fkirthercomprfisihg: 

a shape information memory means for mem-' 
offsfrig shape nformation; and 
a moving position control mearvs for moving the 
machining electrode or object to be machined 
accondirngto shape basedon shape information 
memorised In the shape Information memory 
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10. A part l^rlcating apparatus as dainned in claim 7, 
further compifsing: 

6 

a plurality of machining eloctrodes: 
a machfnina Dtcsctrodo holding meana for hold- 
ing the plurality of machining olectrodaE; and 
a machining eloctrod© chai>flins m^ans for 
changing bfttwedn tha plurality of nwchinlng io 
electrodes held by tha machining electrede 
rwldfrig r7»oane. 
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